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THE APPLICATION OF GEOTHERMAL MODELING
IN THE ASSESSMENT OF THE FEATURES
OF THE SEISMIC REGIME OF THE NORTHERN TIEN SHAN

Abstract. The effect of temperature distribution of the earth's crust on the formation of seismic activity on the
example of the Northern Tien Shan is considered. Data on the parameters of the heat flow are generalized and
systematized. The experimental material on the physical properties of rocks, direct determinations of the heat flow at
the surface, and correlation relationships of geothermal parameters with seismic velocities were used. The
distribution of heat-generating elements with depth is considered. Compiled 3D geothermal models. A comparative
analysis of the model with manifestations of seismic activity was performed.

The three-dimensional equation of conductive heat transfer with initial and boundary conditions and with
additional sources of radiogenic heat is solved by numerical methods.

Under the mountain structures of the Northern Tien Shan at depths of 35-60 km, areas of partial melting with
rock temperatures at 100 + 250 °C above the solidus are identified. The field of thermoelastic deformations, reaching
from 20 to 40% of the total lithostatic pressure, is calculated. Areas of the earth's crust are identified in which rocks
are under conditions of thermal stresses exceeding their critical strength. A comparative analysis with manifestations
of seismic activity of the territory was carried out. According to the morphology of the regions of anomalous
temperatures and thermal stresses, the criteria controlling the distribution of hypocenters of earthquakes are
determined. The strongest catastrophic earthquakes of the last century (Vernenskoye M = 7.1, Keminskoye M = 8.0)
occurred in the regions of maximum influx of mantle heat.

A conclusion is made about the prevailing influence of temperature conditions on the development of the
seismic process.
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IIpumeHeHne reoTepMUYECKOr0 MO POBAHUS
B OLIEHKE 0COOeHHOCTell celicMUYecKoro pexuma
CeBepHoro Tsnab-1lansn

Annortamusi. PaccMaTpuBaercsa Bo3aeicTBHE HEPABHOMEPHOTO PACTIPEACICHIUS TEMIICPATYPBI 36MHBIX HEAP HA
(opMHpOBAHUE CEHCMHYECKOH akTHBHOCTH Ha mpumepe Teppuropun CesepHoro Tsmp-Lllans. OOoOmeHs n
CHCTEMATHU3HPOBAHbI TAHHBIC O MAPAMETPAX TEILUIOBOTO MOTOKA 3¢MHOM KOPBL. BBIICHEHBI 3aKOHOMEPHOCTH pacIpe-
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JICIICHUS TCIUTOTCHCPUPYIOIIUX 3JICMCHTOB ¢ TIyOHHOM, COCTaBICHB 00beMHBIC 3D reorepMmiaeckue Moacmu. Ber-
TOJTHCH CPABHUTEIBHBIN AHATH3 TEOTEPMUYECKOM MOJENH C MIPOABICHUAMHI CCHCMIYMECKON AKTHBHOCTH.

UncneHHbBIME METOAAMH PEIICHO TPEXMEPHOE YPABHCHHE KOHIYKTHBHOTO TEIUTONEPEHOCA C HAYAIBHBIMH H
TPAHUYHBIMH YCIOBHAMH H C YYETOM JOMOJHHUTEIBHBIX HCTOYHHKOB PAAUOICHHOTO TEIIa. TEIUTOBOH MOTOK HA
MOBEPXHOCTH OIPEICICH IO JAHHBIM HA3EMHBIX M3MCPECHHHA B CKBaKMHAX. [IpmBreucHa mHpOpMammsa o pacmpe-
JICICHUH B Pa3pe3e CKOPOCTH MPOJOIBHBIX BOIH, 3AaBHCHMOCTH KO3((HIMEHTa TEIIONMPOBOIHOCTH OT NETPOJIOTHH-
YECKOTO COCTABA TOPHBIX MOPOA, TEMIIEPATYPBI U JABICHUS.

[Mox ropubMu coopyskermsamu CesepHoro Tstab-I11ans Ha rayOuHax 35-60 KM BBIACICHBI 00IACTH YACTUYHOTO
IUIABJICHH ¢ TeMIeparypamu mopox Ha 100250 °C seme comayca. [To m30TepMe aHOMAIBHBIX TeMIeparyp B 230
°C u m300ape TEPMOYNPYTHX HAMPKCHHH WHTCHCHBHOCTBIO 0.35 GPa okoHTypeHa 001aCTh TEMIEPATYPHBIX
HATPY30K, MPEBBIIAOIIIX KPUTHUCCKYIO IPOYHOCTh TOPHBIX MOPOA. MAaKCHMAIbHBIC 3HAYCHUA TEPMOHAMPKCHIH
B aHOMAITbHOM 00jactu mocturarot 0.48 GPa, uro cocraBmsget 25+30% oT muTocTaTHUCCKOro maBncHuI. Hanbomee
CHJIbHBIC KATaCTPOPHUCCKHC 3eMICTPACCHHA Mponuioro Beka (Bepuenckoe M=7.1, Kemurackoe M=8.0) nmponsounin
B 00JIaCTSIX MAKCHMAJILHOTO IIPUBHOCA MAHTHHHOTO TETLIA.

Jenaerca BBIBOA O MPEOOIATAOMEM BIMSIHHH TEMIICPATYPHBIX YCJIOBHH Ha ()OPMHPOBAHHE CEHCMHUECCKOTO
mpouecca.

KimoueBpie ciaoBa: TeMmeparypa, TEIUIOBOH IIOTOK, TEPMOHANPSDKCHHE, 3EMHAs KOpa, CCHCMHYHOCTB,
MATEMATHIECKOE MOJCIHPOBAHUE.

Beenenne

TemneparypHoe mone B OONBINOW CTCIICHH ONPEACISACT (PH3MYCCKOE COCTOSIHHE MaTepHana JUTO-
cheprr 3emmu. M3ydeHre TEMIOBOro COCTOSIHHMS 36MHBIX HEAP OCOOCHHO aKTYaJbHO IJIsl PAHOHOB, IAC
MPOUCXOAIT HHTCHCHUBHBIC TCKTOHHUUYCCKHE ABIDKCHHUS, COMPOBOXKIACMBIC CHIBHBIMH H KaTacTpodu-
yeckuMu 3emnerpsacennsami [1]. K takum paitonam otHocutes Cesepubiil Tsanp-Llans. O6 sToM cBuae-
TENBCTBYIOT MPOUCIICAINHNE 3aeCh 3eMierpacenus: Bepuenckoe (Ms=7.1, 1887r.), Yunnkckoe (Ms=8.1,
1889r.), Kemunckoe (Ms=8.0, 1911r.), Xananamckoe (Ms=6.8, 1978r.), baiicopynckoe (Ms=5.9, 1990r.)
u ap. Lenrs paboThl 3akmrovyanack B U3yUYCHUH PACTIPEACICHUS ITyOHMHHOTO TEIJIOBOTO TIOJS 36MHOU KOPHI
Cesepnoro Tanp-11lans n71s1 oueHKH CEHCMUYECKON AKTUBHOCTH TCPPUTOPHHL.

MeTtoa u MaTepHaJIbI HCCJIEA0BAHUIT

MeToa ncciae10BaHUNA COCTOSAT B YHCICHHOM MOACTHUPOBAHUM TEMIIEPATYP 36MHOM KOPBI HA OCHOBE
PCLICHMS VPAaBHCHUH TCIUIONEPEAAYH C MPUBICUCHHEM SKCICPUMEHTAIBHBIX TCIUTOQH3MICCKUX MHapa-
MCTPOB — TCIUIOBOI'O IIOTOKA, KOS(I)(I)I/ILII/IGHTa TCILUIOTIPOBOAHOCTH, pa,,Z[I/IOI‘eHHOI\/'I TCIUIOTCHCpauu.
BrmonHeH cpaBHUTETBPHBIA aHAIN3 TIAPAMETPOB PacCUeTHOH re0TEPMHEIECKON MOJEIH C PAcTIpeACICHHEM
3EMIIETPSICCHUI TEPPUTOPHUH.

Mamemamuuecxas mooens. OCHOBHOE YPABHCHHE CTALIMOHAPHOTO KOHAYKTHBHOTO MEPEHOCA TEIUia
A4 JOJTOBPEMEHHBIX TE€OJIOTMYECKUX IIPOLECCOB B TETEPOTCHHOM AaHU3OTPONHOM yHOpyrol cpene
3aIHACHIBACTCS B BHAC [2]:

VK VT 4+ KV2T + A(x,y,2) = 0 (D

rae k — TenmonpoBoJHOCTE TOPHBIX MOPOJ B TOUKE € KOOpAUHATAMH (X,V,z), T — Temmeparypa, A(x,v.z) —
PaIMOAKTUBHAS TCHEpALMs Teria B eauHnaHOM o6beme. CumBoiom V' 06o3HaueH anddepeHIHATBHbIH
omneparop Jlamtaca B TpeXMEPHOM IPOCTPAHCTBE
02 4 02 4 02 2
ox?  dy? 0z?
Koaddumpent temmonpoBomHOCTH B TOUKe (X,V,Z) € YYETOM 3aBUCHMOCTH OT TEMIICPATYPhI
paccuutad Hamu A peruona CesepHoro Tsaup-Lllans, kak:

k = 0.01157Vp? * (—0.9 + 0.00246T + 343T71)"" G)

rae: Vp —CKopocTh ceticMuueckux BogH (kM/c), T — HauanmsHas Temmeparypa B K°.

PafyOreHHOE TEIIOBBLICICHHE B 36MHOM KOPE 33 CUET PAacHaia PaJMOAKTHBHBIX 3IEMEHTOB K |
U u *’Th BBUMCIECHO MO YMIUPHUECKOMY COOTHOIICHHIO MEXY TeIuoreHepamueii A (MkBT/AM’) n
ckopocthio Vp (km/c) amst semuoit kopsl Ceseproro Tsup-1ams:

A =0.3125%%(107)-exp(1.61¥Vp) “)
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Vpasuenue (1) ¢ yuerom (3,4) peuICHO YKCACHHBIM METOJAOM KOHCYHBIX PA3HOCTCH HA CCTKE
41x31x20 mo cxeMe NCPEMCHHBIX HANPaBICHUH [3].

B kauecTBe rpaHUYHOrO YCIOBHS TEMIOOOMCHA HA MOBEPXHOCTH 33JABANICHA TCIUIOBOM MOTOK IO
HU3MEPEHUSM B CKBKHHAX, CPEAHErOA0OBas Temreparypa 3eMHoi nosepxHoctd 10°C Ha rnyOune 1M mo
MereonanHbiM. HawanpHoe pacmpeneneHue teMmepaTypbl COOTBETCTBOBATIO THHEHHOMY TEOTEPMHUEC-
KOMY TpagucHTy. BoKkoBbIC rpaHHYHBIC YCIOBHS COCTOSUIM B PABEHCTBE HYIIIO TCIIOBOT'O MOTOKA 4EPE3
BCPTUKANBHEIC TPAHULB MoAcau. Ha HIpkHEH rpaHuune MoAeTUpyeMo# o0NacTu 3aiaBanachk MaHTHHHAS
COCTABILIIOIIAS TCIJIOBOTO MOTOKA, ONpEeAcIeMas Kak Pa3HOCThb MOTOKA HA MOBEPXHOCTH U PAJUOTCHHON
cocrasmmomed ot pacmaza U, Th, K—cozepkammx mopoa, a Taike MOCTOSHHAS TEMIEPaTrypa, B
MPEANOIOKEHAN O HATHIUH Ha riayduHe 120 kM 00nacTH TOPHEIX MOPOJ, Pa3orpeThiX A0 TEMICPATyPHI
comuayca (1370 °C).

s pacuera AeHCTBYIOIINX TEPMOHANPSKCHUH B 36MHOU KOpe MpuMeHeHa padoyas popmyna [5]

Tzz = PEZ + 3BK (T'TO) (5)

rae 3P - odvemubIi kK03 PuIHIeHT TepMuUeckoro pacmupenus nopon, K — moayme o6beMHOI yopyrocTy,
p — IJIOTHOCTh, g — VCKOopeHue cumbl Tspkectd, (T-Tp) — TemmepaTypHOE OTKIOHEHHE OT HAYATbHOTO
aunetinoro pacmpeaciacuus. I[lpoussenenue 3PK(T-T)) o6o3HauaeT TEPMOHAMPSLKCHHUS, BBI3BAHHBIC
COYCTAaHHECM HEIMHCHHOTO W3MEHEHHs Temmeparypbl. Moayiae oObemHOH ympyrocta K paccuuran no
OTHOIICHUIO CKOPOCTCH MPOAOIBHBIX U MOMEPEUHBIX BOMH B YCIOBUAX €CTCCTBCHHOTO 3aJICTAHUS TOPHBIX
MOPOA:

K=p(V, - 4/3V%) (6)

rae At ropHeix nopog Ceseproro Tsap-Ilans V,/V=2.04.
II1OTHOCTE TOPHBIX TIOPOX OMPCACICHA B KAXKIAOM Y3JIC CCTOYHOM MOJCTH IO 3aKOHY THHCHHOM
aIMPOKCUMAITIH:

p=(0.315V, + 0.74)*10° (7)

C yuetoM CHEPUIHOCTH MOBCPXHOCTH M 3HAYUTC/IBHBIX MPOCTPAHCTBCHHBIX PA3MEPOB MOJCIH
ypaBaeHue (1) pemanocs B chepuueckux KOOpIAUHATAX OTHOCUTEIBHO LICHTPA 3EMIIH:

_ 10 zaT) 1 a ( . 6T) 1 9T
¥T'= r? or (I' ar B r? sin® 0o sin® a0 + r2sin20 de? ®)

3. O0cyxaeHue pe3yabTATOB

Tennogpusuueckas modenb. B TeOoTOTMYECKOM OTHOIICHHUH PETHOH BXOAWT B  QJIBIIUHCKUN
HCOTCKTOHHUCCKUI MOSC W BKIOYACT BHITSHYTHIC B ITHPOTHOM HAIMPABICHUH ropHbie XpeOTer KyHrel u
3aunuiickuii Ana-Tay pazaeiacHHbie MekropHbiMu BraguHamu [4]. C BOCTOKAa palioH OrpaHUYCH
otporamu ropuseix xpedtos Jlxyarapckoro Ana-Tay, ¢ 3amaza — BocTouHbiM OkOHuUaHueM Yy-Mmuiickux
rop. B 3eMHOI Kope MmO reoM3MYeCKHM JAHHBIM BBIACSIOTCS OCAMOYHBIM, TPAHUTHBIA (BEPXHHUH H
HUKHHN) W 0a3anbTOBBINH C0M. MOITHOCTE 3¢MHOH KOpbI H3MEHSECTCS OT 42 kM a0 55-60 kM,
VBCIUUHUBASICE B FOTO-BOCTOYHOM HAMPABICHUH B CTOPOHY TOPHBIX coopykeHui Taup-llans u
JUxyHTapum.

Cmpyrmypa noaa ceticmuvecxkux cxopocmeti. ICXOAHON 3KCHCPUMEHTAIBHON 0a30ii r1yOMHHOTO
CTPOCHUS 3¢MHOH KOPBI MOCITY>KHIU JAHHBIC O CKOPOCTH HPOJONBHBIX BOMH A0 rnyOwmHB 100 kM B
npeaenax teppuropuu ¢ koopausaramu 42°-45°N u 75°-80E no mamueM MeTozos I'C3, I'C3-MOB3 [6-

8] (puc. 1).
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